Background/Objectives: Healthy People 2010 emphasizes elimination of health disparity and improvements in anemia and iron deficiency (ID). The study purpose was to (1) determine the prevalence of anemia, ID and ID anemia (IDA) in children living in American Samoa and (2) compare the prevalence to that found in children living in the United States. Subjects/Methods: A total of 211 children from American Samoa, aged 1-5 years of age, participated in this cross-sectional study. Prevalence of anemia, ID and IDA were determined and comparison made using data obtained from children living in the United States. Anemia was diagnosed as hemoglobin (Hb) o110.0 g/l, ID as erythrocyte protoporphyrin (EP) 470 mmol/mol heme and IDA as Hb o110.0 g/l and EP 470 mmol/mol heme. Results: Anemia, ID and IDA prevalence was 33, 70 and 33%, respectively. The results of children from the United States were as follows: anemia, 9%; ID, 10% and IDA, 2%. Within American Samoan children, ID is positively associated with being breastfed o6 months (Po0.05) and anemia and IDA with lower household income (Po0.05; Po0.01). Mean Hb was significantly lower (Po0.001) and mean EP was significantly higher (Po0.001) than those within children living in the United States. Conclusion: To meet Healthy People 2010 goals in children aged 1-2 years, the prevalence of ID in children living in American Samoa would need to decrease from 83 to 5% and in children aged 3-5 years from 59 to 1%. It is critical to ensure that populations within the United States and its territories are provided appropriate resources to promote health and prevent disease.
Introduction
The WHO (World Health Organization) began directing efforts toward the understanding and control of nutritional anemia in 1949 (World Health Organization, 1950) ; however, even today, the world is still struggling with the deficiency (Aggett et al., 2002) . In both industrialized and developing countries, iron deficiency (ID) is the most prevalent micronutrient deficiency (Milne, 2000) . ID is an added burden to health systems and there is lack of widespread knowledge of its serious and often permanent cognitive development consequences in young children (United Nations Children 's Fund, 1998) .
Deficits in iron stores may result in a combination of decreased hemoglobin (Hb) synthesis, abnormal red cell production and maturation, and increased red cell destruction (Harmatz et al., 2003) . ID is the most common nutritional cause of anemia (Harmatz et al., 2003) and may result in loss of energy, anorexia, increased susceptibility to infection, abnormalities in thermogenesis and behavior, and reductions in intellectual performance and work capacity (Milne, 2000) . Increased susceptibility to lead poisoning is also associated with IDA (Ramakrishnan, 2001 ).
Elimination of health disparities is a primary goal of Healthy People 2010 (US Department of Health and Human Services, 2000) . The United States has made significant strides in combating ID anemia (IDA) in populations living within its boundaries Cohen, 1999) . However, anemia and ID remain high in American Samoa, an unincorporated territory of the United States, with a selfgoverning political system (American Samoa Department of Commerce, 2007) . Rationale for conducting this research is that the National Health and Nutrition Examination Survey (NHANES) values referenced in Healthy People 2010 for Native Hawaiian and other Pacific Islanders were considered not statistically reliable (US Department of Health and Human Services, 2000) .
The study focus was to report research findings that would fill an important knowledge gap on a vulnerable population. Objectives of this study were to (1) determine prevalence of anemia, ID and IDA; (2) identify predictors associated with anemia, ID and IDA; and (3) compare the prevalences of anemia, ID and IDA among children living in American Samoa with those found in children living in the United States using NHANES III comparison data.
Methods
Cross-sectional study Study participants were children, 1-5 years of age, living in American Samoa in 2003. A two-stage proportionate-topopulation size cluster sampling design (Bennett et al., 1991) was used for household selection, and 211 children from 25 American Samoan villages were evaluated. Within the selected households, one child from the appropriate age range was randomly selected to participate.
Institutional Review Board approval for this project was received from The Office of Research, Uniformed Services University of the Health Sciences (USUHS; Bethesda, MD, USA) and the Committee on Human Studies at the University of Hawaii in Manoa. The study was coordinated through the American Samoa Department of Public Health and the American Samoa Community College. Through the Office of Samoan Affairs, village mayors provided coordination and approval to complete the assessments.
Data collection
Team member training was conducted before data collection for local staff from the American Samoa Community College, Expanded Food and Nutrition Education Program (EFNEP), Lyndon B. Johnson (LBJ) Tropical Medical Center Dietary Services, and several participating college and high school health science majors, in addition to the team members participating from off-island.
Written informed consent was obtained from one of the primary caregivers before data collection. The interviewer administered questionnaire was adapted from the World Health Organization STEPS instrument (World Health Organization, 2003 ) and obtained data on child and householdspecific food frequency, food security, breastfeeding history, reported recent illness, history of anemia, parental education level, household income, participation in the Women, Infants and Children Program (WIC), demographic, socioeconomic, anthropometric and biochemical factors. The questionnaire was designed and coordinated through consultants within American Samoa and the translation was completed in American Samoa.
The Infant/Child Shorrboard (Shorr Productions, Olney, MD, USA) was used to measure stature (children 2-5 years) and recumbent infant length (children o2 years). Weight was obtained using the United Nations Children's Fund (UNICEF) Electronic Scale 890 (Seca, Vogel & Halke, Hammer Steindamm 9-25, Hamburg, Germany). References from the Centers for Disease Control and Prevention (CDC) (Centers for Disease Control and Prevention, National Center for Health Statistics, 2000) were used to calculate height-for-age Z-score (HAZ), weight-for-age Z-score (WAZ), weight-for-height Z-score (WHZ) and middle upper arm circumference-for-age Z-score (MUACZ).
On-the-spot evaluation of anemia was conducted using a capillary blood sample on the HemoCue Blood Hemoglobin (Hb) Photometer (HemoCue, Angelholm, Sweden). Anemia is abnormally low Hb due to pathological conditions (United Nations Children's Fund, 1998). Anemia was defined using the WHO age-specific Hb cutoff value of o110.0 g/l (United Nations Children's Fund, 1998). Children with anemia were referred to local health-care facilities for treatment and follow-up. The hematoflourometer (Aviv Biomedical Inc., Lakewood, NJ, USA) was used to analyze blood samples, collected in EDTA-coated microcapillary tubes, to determine ID. ID exists when iron stores are exhausted but the blood Hb level remains within normal limits (Lee, 1999) . Erythrocyte protoporphyrin (EP) was used to diagnose ID, defined as EP 470 mmol/mol heme (National Committee on Clinical Laboratory Standards (NCCLS), 1996). IDA develops when iron stores are exhausted and the blood Hb concentration decreases below the lower limit of normal (Lee, 1999) . IDA was defined as a Hb o 110.0 g/l and EP 470 mmol/mol heme.
NHANES comparison
Within the NHANES data set, ID was defined by abnormal results for two or more of the following: serum ferritin concentration, EP, or transferrin saturation; however, for comparison with the current study, the diagnosis was based on only elevated EP 470 mmol/mol heme. Free EP is a valuable measure of ID erythropoiesis because changes are relatively insensitive to acute changes in iron status (Milne, 2000) and an elevated EP level, as a single measure, represents inadequate iron supply for hematopoieis regardless if the serum ferritin is below the diagnostic value or not (Yip et al., 1983) . Anemia was defined using the Hb cutoff value of o110.0 g/l.
Statistical analysis
Statistical analyses were completed using the Statistical Package for the Social Sciences (SPSS, Chicago, IL, USA) version 12.0.1 and EPINUT in Epi Info 2000 (CDC, Atlanta, GA, USA). One sample t-test and t-test for two independent samples were completed. Participant data were stratified into dichotomous groups and analyzed using joint contingency tables followed by w 2 statistics. Logistic regression was used to determine the relationships between anemia, ID and IDA and the variables of interest and was adjusted for age and gender. Data analysis was completed at the 95% confidence level to determine significance. Data are presented as means (s.d.).
Results
Cross-sectional study The mean age of children (n ¼ 211) was 36.07 months. The survey breakdown by island of residence was 93.9% Tutuila, 3.3% Ofu and 2.8% Olesega. General demographic data is outlined in Table 1 . Seventy-four percent of the children were breastfed, 56% were breastfed for at least 6 months, and 28% were exclusively breastfed for at least 6 months. One percent of the children were provided their first solid food at less than 1 month of age, 3% by 2 months and 18% by 4 months. The primary weaning foods included papaya, banana, taro, potato, cereal, soup and rice. Three percent of the children received a vitamin A supplement in the past 6 months. Within the past 6 months, 7% reported diagnosis or treatment for helminthes, 3% dengue and 15% filariasis.
Within American Samoan children aged 1-5 years, mean Hb (n ¼ 207) was 115.0713.0 g/l and mean EP (n ¼ 185) was 120.70779.83 mmol/mol. Mean Hb, EP, HAZ, WAZ, WHZ and MUACZ by age are shown in Table 2 . There were no significant differences by gender for mean Hb, EP, WHZ, WAZ, HAZ and MUACZ. There was a positive association between age in months and Hb (Po0.001), HAZ (P ¼ 0.04) and WAZ (Po0.01). There was a negative association between age in months and EP (Po0.001). A positive association was found between Hb and HAZ (Po0.001), WAZ (Po0.001), WHZ (P ¼ 0.04) and MUACZ (P ¼ 0.04). The association was negative between EP and HAZ (P ¼ 0.04). As shown in Table 1 , a high percentage of the parents were able to read and were educated beyond high school. Parental literacy, parental education level and birth weight o 2500 and 43500 g were not associated with IDA, ID or anemia.
Anemia prevalence in all children was 33%, ID was 70% and IDA was 33%. No children had severe anemia, Hb o80.0 g/l. Within the children who had a WAZ oÀ2 (n ¼ 3), one was anemic and all had ID; of those with HAZ oÀ2 (n ¼ 4), three were anemic and all had ID.
Referencing Table 3 , the logistic regression model shows that as age increases, the odds of anemia, ID and IDA decreases. ID is positively associated with children breastfed o6 months and IDA and anemia are positively associated with lower household income, after adjusting for age and gender.
Mean ( Eighty-six percent of the children received WIC supplementation. Of the children receiving WIC, 32% had anemia, 70% had ID and 32% had IDA which is similar to the overall prevalence. WIC participation was not associated with HAZ, WAZ, WHZ or MUACZ 4 2 for either age group or as a whole.
NHANES and American Samoa data comparison
The current findings from American Samoan children aged 1-5 years were compared to data from children of the same age range collected during NHANES III. Within the NHANES III data set, Hb was available for 3473 children and EP was available for 3618 children.
Comparing the data sets, there was a significant difference between mean Hb (Po0.001) and mean EP (Po0.001) for all children aged 1-5 years in American Samoa and those of the same age group living in the United States. There was also a significant difference in mean Hb and EP between males (Po0.001) and females (Po0.001). Mean Hb is higher and mean EP is lower from NHANES III than that from children living in American Samoa. NHANES III mean Hb (n ¼ 3473) was 120.7178.55 g/l and mean EP (n ¼ 3618) was 50.77731.10 mmol/mol and American Samoa mean Hb (n ¼ 207) was 115.2713.45 g/l and mean EP (n ¼ 185) was 120.70779.83 mmol/mol. Figure 2 shows the difference between mean Hb levels by selected percentiles in children living in American Samoa compared to NHANES III.
Results from NHANES III data, using the diagnostic criteria for anemia of Hb o110.0 g/l, ID of elevated EP 470 mmol/ mol heme, and IDA of Hb o110.0 g/l and EP 470 mmol/mol heme, showed prevalence of anemia was 9%, ID 10% and IDA 2%. The prevalence of anemia, ID and IDA by age in children living in American Samoa as compared to NHANES III is shown in Table 4 . The prevalence of anemia, ID and IDA in children living in American Samoa are higher in all ages as compared to the NHANES III with the exception of anemia in children aged 4 years. Prevalence of ID by age category for children aged 1 and 2 years and children aged 3-5 years living in American Samoan compared to data obtained from NHANES III was 83.0 vs 15.0% and 58.8 vs 5.8%, respectively. There was also a significant difference by age category between mean Hb (Po 0.001) and EP (Po 0.01) in children living in American Samoa as compared to children evaluated during NHANES III. Iron deficiency and anemia in American Samoan children TM Kemmer et al
Discussion
Cross-sectional study Prevalence of ID in children, aged 1-3 years, living in an urban setting within the United States compared to children of the same age range living in American Samoa was 7 and 76%, respectively, and for IDA, 10 and 42%, respectively (Eden and Mir, 1997) . Comparing the Five State Study results from 1995 to the results from this study, the prevalence of anemia in children aged 1-2 years, 2-3 years and 3-4 years in the Five State Study were much lower than those found in the children living in American Samoa. However, the prevalence of anemia within children aged 4-5 years was lower within the children living in American Samoa (2%), with the exception of Vermont (0.9%) (Sherry et al., 2001) . Implementation of the WIC Program is considered the main factor responsible for declining rates of anemia within the United States as overall age-adjusted rates of anemia have declined from 6.2% in 1969 . Within American Samoan children age category 1-2 years, receipt of WIC was not associated with a significant decrease in prevalence of anemia, ID or IDA. Within children in the age category of 3-5 years, 17% of the children who received WIC had IDA vs 42% of children who did not receive WIC (P ¼ 0.03). Nineteen percent of the children who received WIC had anemia and 41% of the children who did not receive WIC were anemic (P ¼ 0.04) in age range 3-5 years.
Even with receipt of WIC benefits, many children are at risk for developing anemia or remain anemic after initial diagnosis. A study conducted by (Kahn et al., 2002) in children registering for WIC benefits found that 17.9% of children aged 6-24 months and 11.7% of children 24-59 months were anemic at the first visit and approximately one-third of the children that were anemic remained anemic at a subsequent visit.
The American Samoa Department of Public Health participates in the WHO Filariasis Campaign to control filariasis and helminthes and provides a two-drug regime of antihelminthic drug administration to all residents annually. With the Filariasis Campaign in effect, anemia and ID should not be primarily due to helminth infections.
Recent studies are indicating that the prevalence of anemia, ID and IDA are actually on the rise in the United States, especially for at risk populations. One study of children reported prevalence of anemia in children aged 9-23 months as 17.9% and in children aged 24-59 months as 11.7% (Kahn et al., 2002) . A study of children conducted in a tertiary hospital reported a prevalence of ID and IDA in children aged 9-23 months as 46 and 18.4%, respectively, and in children ages 24-35 months as 4.6 and 4.6%, respectively (Traxler and Benjamin, 2005) . In children aged 9-30 months from an intercity clinic, prevalence of anemia was 35%, ID was 7% and IDA was 8% (Bogen et al., 2000) . In a group of low-income preschool children, prevalence of anemia was 18.8%, ID was 11.7% and IDA was 5% (Crowell et al., 2006) . Even in these studies that have demonstrated that anemia, ID and IDA are increasing in some at risk populations within the United States, the prevalences reported are still lower than those found in the American Samoan children assessed. Additional studies need to be completed to determine the factors explaining the high rates of anemia, ID and IDA seen in the American Samoan children.
Based on the high prevalence of anemia, ID and IDA found within the children living in American Samoa, screening as recommended by CDC for high-risk children should be completed in all children aged 9 months to 5 years (Centers for Disease Control and Prevention, 1998) . Explanation for the high occurrence of IDA within children living in American Samoa cannot be accounted for by dietary iron intake alone. Additional research within this population should address foods that may contain iron absorption inhibitors, factors associated with blood loss to include helminth infections, other vitamin deficiencies, malaria and genetic disorders.
NHANES and American Samoa data comparison
Healthy People 2010 has a target of reducing ID among young children aged 1-2 years from a baseline of 9-5% and in children aged 3-4 years from a baseline of 4-1% (US Department of Health and Human Services, 2000) . Findings from CDC indicate that ID remains 2-5 percentage points above the 2010 national health objectives (Centers for Disease Control and Prevention, 2002) . Extrapolating NHANES III prevalence data to the US population, it translates to approximately 700 000 toddlers with ID and approximately 240 000 toddlers with IDA (Looker et al., 1997) .
When comparing NHANES III data to the American Samoa data found within this study, referring again to Figure 2 , disparity is more pronounced in children within the fifth, twenty-fifth and fiftieth percentiles for age category 1-2 years and for children in the fifth percentile within the age category 3-5. In taking a closer look at (Nantel and Tontisirin, 2002) . Social responsibility for providing appropriate nutrition extends beyond the home to government, health professionals, schools, the food industry and media (American Heart Association, Gidding et al., 2006) . Study limitations are (1) due to refusal to provide a blood sample or inadequate volume of blood obtained, Hb was available on 207 of the 211 participants and EP on 185 participants; (2) even though the survey was adapted from the World Health Organization STEPS instrument, designed and coordinated through consultants within American Samoa, and translation was completed in American Samoa, the questionnaire had not been previously validated within this population; (3) helminth infection within the children was not determined; and (4) WIC supplementation participation was not verified.
Conclusion
There is a very high prevalence of anemia, ID and IDA in children aged 1-5 years living in American Samoa. Disparity exists between children living in American Samoa and children of the same age range living within the United States.
To meet the Healthy People 2010 goal of eliminating health disparity by race or ethnicity, major strides need to be made toward the elimination of anemia and ID within children living in American Samoa. Within child survival intervention strategies, equity must be made a priority and tools to ensure accountability at national and international levels must be developed (Victora et al., 2003) .
